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* Europe
— high mandated purchase rates (85-90% of retail, 10-12 cents/kWh)

— strong government and public commitment to the environment,
including climate change

— population density & existing developments driving off shore
deployment in Europe

. Developmg World

— huge capacity needs

— lack of existing infrastructure
(grid)

— pressure for sustainable
development (IDB’s, climate
change)

— tied aid




United States - 2001 Year End Wind Power Capacity (MW)
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United States - Wind Resource Map

Source: "Wind Energy
Resource Atlas of the
United States”, 1987

Indian Reservations and >
Alaska Native Village Areas .

Wind Power Classification
Wind Resource Wind Power Wind Speed® Wind Speed®

Power Potential Density at 50 m at 50 m at50 m
Chans Wine i oh U.S. Department of Energy
National Renewable Energy Laboratory

2 Marginal 200- 300 5.6- 6.4 12.5-14.3 A
3 Fair 300- 400 6.4- 7.0 14.3-15.7 .@-‘q
4 Good 400 - 500 7.0- 7.5 15.7-16.8 -I
5 Excellent  500- 600 75-80  16.8-17.9 a » —
6 Outstanding 600 - 800 8.0-8.8  17.9-19.7 S
7 Superb 800 - 1600 8.8-11.1 19.7-24.8 A 4

l'Wincl speeds are based on a Weibull k value of
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9 DM Heimiller 31-MAY-2001 1.2.8




CORRD

Colorado Renewable Resource Database

http://www.coloradoenergy.org/corrd/default.asp

. Cheyenne
: - ] a - ]
> ! - Ariermorieter
: L heiaht: 10m
W B1E 3N boat Spr Mt wind power M wind
3 4 density speed
-3 . [whim?) [mis]
: E Sterling : (]
*F 5, Boulder [ ] 100 .
v @ I 150 X
Eagle & i
- . Denwver B 200 13
. : Carbondale™ 5 0 ]
Grand Junction &> F Y ] 300
. " A
TR R - Tr Goodland N 400
" LT Ed ol * u 1000
] ; . - 'J Stratton L] -
M antrose - | L W E!
- Eolora do Springs
i ",‘
FEE Lk % FOE
by _ i L E Flhto -y - Howrly solar, wind and temperature
: f : I‘F anthly, and TRY'2 solar,

==&

Diuranga ir Alamosa
.':{ . . i



Electrical
transmission

At 1t’s simplest, the I - -to
wind turns the turbine’s T
blades, which spin a
shaft connected to a
generator that makes
electricity. Large
turbines can be grouped
together to form a wind
power plant, which — _
feeds power to the cecronics” Yaw drive

electrical transmission ' > __ Nacelle
system. ’

Large scale A
wind plant : 2
1;
; ! 3

Gear box

Generator




%M== Sizes and Applications

Small (<10 kW)

* Homes

* Farms
 Remote Applications

Intermediate
(10-250 kW)

* Village Power

* Hybrid Systems

e Distributed Power

(e.g. water pumping,
telecom sites,
icemaking)

Large (250 kW - 2+MW)

# ¢ Central Station Wind Farms
* Distributed Power




1979: 40 cents/kWh

2000:
4 - 6 cents/kWh

* |ncreased
Turbine Size

« R&D Advances 2004

« Manufacturing 3 - 5 cents/kWh
Improvements

NSP 107 MW Lake Benton wind farm
4 cents/lkWh (unsubsidized)



“#MN=L  Finances and Incentives

e Production Tax Credit
= 1.7 cents/kWh (escalating) for 10 years
equates to around 1.1 cents/kWh reduction
in contract price
= deadline pressure increases costs

o State and Local tax, etc. can be

significant
= +/- 0.5 cents’/kWh 1impact

* Public Power (100% debt at tax free

rates)
= 60% of GenCo or IPP cents/’kWh

« Renewable Energy Production

Incentive
= annual appropriations problem leads to little
impact




» Data suggest the most significant avian wind-turbine
interaction problem in the U.S. is in the Altamont WRA.

» There is no reason that avian issues should be a concern
for future wind farm development; any potential problem
should be 1dentified and dealt with before micrositing
occurs.

» Two guidance documents have been adopted by the
NWCC: (1) Permitting of Wind Energy Facilities, and (2)
Metrics and Methods for Avian Studies.

» Facilities developed following these guidelines have not
experienced significant avian impact issues.



:: »NR=L  NREL’s National Wind Technology Center
Research and Development

NASA Ames 80°X 120° Wind Tunnel
Yaw angle = 30°

35 Meter Blade Strength Test

' EW 1.5 MW Drive Train
e
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Utility Grid Interaction Measurements at

Lake Benton, Minnesota and Storm Lake, Iowa

‘i"-f-’-l i/

NREL’s monitoring effort at Lake Benton II entering
the second year of operation. More than 150 million
data points have been collected.

Data collection at Storm Lake (MidAmerican Energy’s
Buena Vista Substation, about 113 MW wind capacity)
began in January 2001 by NREL’s subcontractor.

Data collection at Xcel Energy’s Buffalo Ridge
substation (about 220 MW wind capacity) began in
February 2001 by NREL’s subcontractor

Data offers encouraging evidence that accurate wind
power forecast is feasible.
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% M%=~ Wind Resource Mapping

Morth and South Dakota - Wind Resource Map
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 Identifies most promising areas for
wind energy development

* Employs geographic information
system technology to create layers
of key information

L4

« Used by state energy planners,
Indian tribes, and developers

* Approach changing from empirical

to numerical modeling techniques 0
« Forecasting, resource assessment

and site specific inflow . _ E
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The Challenging DOE Program Goals

Low Wind Speed Technology

Develop wind turbine technology (>100kW) capable of 3
cents/kWh in Class 4 (13.4 mph wind site) by 2010

* Increase area available for wind energy development by a
factor of 20 or more

* Accelerate achievement of the domestic renewable energy
generations capacity goal

Distributed Wind Systems

« Reduce the cost of energy from distributed wind
systems to $.10-$.15/kWh at Class 3 wind sites (12
mph wind site) by 2007

* Increase distributed energy capacity in the United States
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Atlantic Northern Wind
WindLite Southwest Bergey Orient Power Enron Wind  Enron Wind Turbine
Corporation WindPower Windpower Corporation  Systems  Corporation Corporation = Company

Rated Power 10 5 50 50 100 750 1500 750
(kW)
Rotor Diameter 7 5 14 15 19 50 77 55
(m)
Number of 3 3 3 3 3 3 3 2
Blades

Prototype Year 2002 2002 2001 1999 2001 1999 2002 2001




N'\'E THE EvoLUTION oOF COMMERCIAL

U.S.WIND TECHNOLOGY

100 -
LOsMw
1990s
* Structurally stiff P 7/ Forecast
1980s » 3 bladed — upwind yaw-driven ’
80 - Structurally sti * Variable speed and constant speed O"’
. y stiff ; R -~ 1.8MW
* 3 bladed — upwind yaw-driven Special alrfoils NRI_EL EW 1.5 MW
« Constant speed and 2 speed « Stall regulated and pitch controlled ’f -
= Stall regulated/tip brakes or : Ej;ﬁiﬁgz ;::::;::iﬂun -
60 - 2;2:;5;55 'btf;] d:gerHEd * Large size to reduce COE 750kW
* Geared transmission F utu I"-e
n * Induction generator Inno\rat|0n
E * Steel truss or tube tower « Scale to larger size
E 500kW * Advanced blade materials
= | = and manufacturing
- 40 1B 50 - 300kW * Low speed direct drive generators
= ;.: T T A — 300kW * Custom power electronics (high efficiency)
T |EE * Feedback control of drive train
o : - and rotor loads
v * More flexible structurally
5 20 - * O&M reduction features
E 300kW - 750kW
w 30m - 50m diameter
S 50kW
S I
50 . [/ | |
1980 1990 2000 2010

Source:Thresher & Dodge, Wind Energy Journal 1998



¢ Low Wind Speed Technology solicitation for $30M in Industry
Partnerships over the next four years:

» Concept Studies; $100K-200K and no cost sharing
» Advanced Component Development; 30% cost sharing
« Advanced Systems Development; 30% cost sharing
¢ Expected Technology Areas for Development

« Larger-Scale 2 to 5 MW with rotor diameters to 120 meters
 Innovative rotor designs pushing the technology:

v" Flexible, low solidity high tip speeds

v Expandable rotor concepts

v" Wind feed forward and load feedback controls

v Hybrid E-glass — Carbon composites
 Innovative lower-cost drive trains

» Towers of novel design 85 to 120 meters tall



&9 NR=L A Low Wind Speed Drive Train Concept :
S
Multi-Permanent Magnet Generator Concept

Multi-PM Generator with Single Stage Integrated Gearbox
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« »NI=L Wind Energy:
A Maturing Technology with a Bright Future

Current Status of Wind Technology:

*Wind Technology has matured over 25 Years
*Availability now reported at 98-99%

*Certification to international standards for new turbine
designs helps avoid “major failures”

*Current designs produce electricity for 4-6 cents/kWh
at Class 6 wind sites (15 mph or higher average wind)

Low Wind Speed Technology

Innovations for the future:

* Larger-scale 2 to 5 MW, with
rotors diameters to 120 meters

* Flexible, thin high-speed rotors

« Extendable rotor concepts

* Hybrid glass-carbon rotors

* Load feedback control systems

e Custom designed low-speed,
permanent-magnet generators

* Self-erecting tall tower designs,
85 to 100 meters tall

 Offshore wind turbines

WTC 500 kW Prototype
Mojave, CA

Enron Wind 1.5 MW Turbines
Indian Mesa, TX



